(1390 REV. 5-93) US DEPT. OF COMMERCE PATENT & TRADEMARK OFFICE 

TRANSMITTAL LETTER TO THE 

UNITED STATES 
DESIGNATED/ELECTED OFFICE 
(DO/EO/US) CONCERNING A FILING 
UNDER 35 LLS.C. 371 



INTERNATIONAL APPLICATION NO. 
PCT/JP99/03417 



INTERNATIONAL FILING DATE 
June 25, 1999 



ATTORNEY'S DOCKET NUMBER 
105029 



U.S. APPLICATION NO. 
(if known, sec 37 C.F.R.1 .5) 



09/4865^ 



PRIORITY DATE CL 
July 1,1998 1 



TITLE OF INVENTION j^O 
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEf^EftFI ' 
INSTRUMENT 



Chlc^ft^QARD AND ELECTRONIC 




APPLICANT(S) FOR DO/EO/US 
Nobuaki HASHIMOTO 



mmemwjQ 2 9 feb 2000 



)/US) the following items and other 



Applicant herewith submits to the United States Designated/Electe 
information: 

1 . This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. , IE! This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than 
delay examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 
and 39(1). 

□ A proper Demand for International Preliminary Examination was made by the 19th month from the earliest 
claimed priority date. 



,4. 
*5. 



g A copy of the International Application as filed (35 U.S.C. 371 (c)(2)) 

a. □ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. [x] has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US) 

6. [X] A translation of the International Application into English (35 U.S.C. 371 (c)(2)). 

7. □ Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 

a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired, 

d. □ have not been made and will not be made. 

8. □ A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 



(35 U.S.C. 371 (c)(5)). 

. to 16. below concern other document(s) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is 
included. 

A FIRST preliminary amendment. 



10. 


□ 


Items 1 1 


11. 




12. 




13. 






□ 


14. 


□ 


15. 


□ 


16. 


□ 



430 Reo r d PCTPTO 2 9 FEB 20WT 



U.S. APPLICATION NO. (if known, see 37 INTERNATIONAL APPLICATION NO. ATTORNEY'S DOCKET NUMBER 
C.F.R. 1.5) nQ 1 Jt Q £ £ PCT/JP99/03417 105029 


17. [3 The following fees are submitted: 

Basic National fee (37 CFR 1.492(a){1)-(5)): 

Search Report has been prepared by the EPO or JPO $840.00 

international preliminary examination fee paid to USPTO 

(37 CFR1.482) $670.00 

No international preliminary examination fee paid to USPTO 
(37 CFR 1 .482) but international search fee paid to USPTO 
(37 CFR 1.445(a)(2)) $690.00 

Neither international preliminary examination fee (37 CFR 

1 .482) nor international search fee (37 CFR 1 .445(a)(2)) 

paid to USPTO $970.00 

International preliminary examination fee paid to USPTO 
(37 CFR 1 .482) and all claims satisfied provisions of PCT 
Article 33(2)-(4) $ 96.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 


CALCULATIONS 


PTO USE ONLY 




$ 840 00 




Surcharge of $1 30.00 for furnishing the oath or declaration later than 
□ 20 □ 30 months from the earliest claimed priority date (37 CFR 
1.492(e)). 


$ 




Claims 


Number Filed 


Number 
Extra 


Rate 






Total Claims 


29-20 = 


9 


X$ 18.00 


$ 162.00 




Independent Claims 


2- 3 = 


0 


X $ 78.00 


$ 




Multiple dependent claim(s)(if applicable) 


+ $260.00 


$ 




TOTAL OF ABOVE CALCULATIONS = 


$1002.00 




Reduction by 1/2 for filing by small entity, if applicable. Verified Small 
Entity Statement must also be filed. (Note 37 CFR 1 .9, 1 .27, 1 .28). 


$ 




SUBTOTAL = 


$1002.00 




Processing fee of $130.00 for furnishing the English translation later 
than □ 20 □ 30 month from the earliest claimed priority date (37 CFR 
1.492(f)). + 


$ 




TOTAL NATIONAL FEE = 


$1002.00 






Amount to be 
refunded 


$ 


Charged 


$ 



a. ^ Check No. 1 06609 in the amount of $ 1,002.00 to cover the above fees is enclosed. 

b. Q Please charge my Deposit Account No. in the amount of $ to cover the above fees. A duplicate copy 

of this sheet is enclosed. 

c. £3 The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment, to Deposit Account No. 15-0461 . A duplicate copy of this sheet is enclosed. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1 .495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 



NAME: Thomas J. Pardini 

REGISTRATION NUMBER: 30,411 

(1390 Rev.8-93) 




NAME: James A. Oliff 
REGISTRATION NUMBER: 27,075 



09/486556 

PATENT APPLICATION 

430 Rec'd PCT/PTO 2 9 FEB 2Hf 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Nobuaki HASHIMOTO 

Application No.: U.S. National Stage of PCT/JP99/03417 

Filed: February 29, 2000 Docket No.: 105029 

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF, 
CIRCUIT BOARD AND ELECTRONIC INSTRUMENT 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please amend claims 27 and 28 as follows: 

Claim 27, line 2, change "any of claims 1 to 20" to --claim 1— . 

Claim 28, line 2, change "any of claims 21 to 26" to —claim 21—. 

REMARKS 

Claims 1-29 are pending. By this Preliminary Amendment, claims 27 and 28 are 
amended to eliminate multiple dependencies. Prompt and favorable examination on the merits is 
respectfully solicited. 

Respectfully submitted, 




James A. Oliff 
Registration No. 27,075 

Thomas J. Pardini 
Registration No. 30,411 

JAO:TJP/kmc 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 




09/48655 
430 Recti PCWRf 2 9 FEB 



SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF , CIRCUIT 
BOARD AND ELECTRONIC INSTRUMENT 

TECHNICAL FIELD 

5 The present invention relates to a semiconductor device 

and method of manufacture thereof , and to a circuit board and 
an electronic instrument. 

BACKGROUND ART 

10 In recent years, with the increasing compactness of 

electronic instruments , semiconductor device packages adapted 
to high density mounting are in demand. In response to this, 
surface mounting packages such as a ball grid array (BGA) and 
a chip scale/size package (CSP) have been developed. In a 

15 surface mounting package, a substrate may be used which has 
formed thereon an interconnect pattern for connection to a 
semiconductor chip. 

In a conventional surface mounting package, since it is 
difficult to provide a protective film for protecting without 

20 gaps an interconnect pattern and so forth, it has been difficult 
to improve productivity. 

The present invention solves this problem, and has as its 
objective the provision of a method of manufacturing a 
semiconductor device and a semiconductor device manufactured 

25 by said method, of a circuit board and of an electronic 
instrument, having excellent reliability and productivity. 
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DISCLOSURE OF THE INVENTION 

(1) A method of manufacturing a semiconductor device of 
the present invention is a method in which a semiconductor chip 
on which electrodes are formed, and a substrate on which an 

5 interconnect pattern is formed and which is covered by a 
protective layer except a region in the interconnect pattern 
of electrical connection with the electrodes, are connected by 
an adhesive. This method of manufacturing a semiconductor 
comprises : 

10 a first step of providing the adhesive on the substrate 

from a region of mounting of the semiconductor chip to the 
protective layer, between the interconnect pattern and the 
electrodes ; and 

a second step of adhering the substrate to the 

15 semiconductor chip by means of the adhesive to electrically 
connect the interconnect pattern with the electrodes . 

According to this aspect of the invention, since the 
adhesive is provided to extend over the protective layer, no 
gap is formed between the adhesive and the protective layer, 

20 the interconnect pattern is not exposed, and migration can be 
prevented. 

(2) In this method of manufacturing a semiconductor 
device, the interconnect pattern and the electrodes may be 
electrically connected by conductive particles dispersed in the 

25 adhesive. 

By means of this, since the interconnect pattern and 
electrodes are electrically connected by the conductive 
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particles , a semiconductor device can be manufactured by a 
method of excellent reliability and productivity, 

(3) In this method of manufacturing a semiconductor 
device, before the first step, the adhesive may be previously 

5 disposed on the surface of the semiconductor chip on which the 
electrodes are formed. 

(4) In this method of manufacturing a semiconductor 
device, before the first step, the adhesive may be previously 
disposed on the surface of the substrate on which the 

10 interconnect pattern is formed. 

(5) In this method of manufacturing a semiconductor 
device, the adhesive may be a thermosetting adhesive. 

(6) In this method of manufacturing a semiconductor 
device, the adhesive may be spread out beyond the semiconductor 

15 chip in the first step; and heat may be applied between the 
semiconductor chip and the substrate to cure the adhesive 
between the semiconductor chip and the substrate in the second 
step; and this method of manufacturing a semiconductor device 
may further comprise a third step of applying heat to a part 

20 of the adhesive not completely cured in the second step. 

(7) In this method of manufacturing a semiconductor 
device, the adhesive may be heated by means of a heating jig 
in the third step. 

(8) In this method of manufacturing a semiconductor 

25 device, a nonadhesive layer having improved nonadhesive 
properties with respect to the adhesive may be interposed 
between the heating jig and the adhesive, before heating the 
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adhesive* 

(9) In this method of manufacturing a semiconductor 
device, the nonadhesive layer may be provided on the heating 
jig. 

5 (10) In this method of manufacturing a semiconductor 

device , the nonadhesive layer may be provided on the adhesive. 

(11) In this method of manufacturing a semiconductor 
device, the adhesive may be heated by a non-contact method in 
the third step. 

10 (12) This method of manufacturing a semiconductor device 

may further comprise a reflow step of forming solder balls on 
the substrate to be connected to the interconnect pattern, 
wherein the third step is carried out in this reflow step. 

(13) This method of manufacturing a semiconductor device 
15 may further comprise a reflow step of electrically connecting 

an electronic component other than the semiconductor chip to 
the interconnect pattern, wherein the third step is carried out 
in this reflow step. 

(14) In this method of manufacturing a semiconductor 
20 device, the substrate may be cut together with the adhesive in 

a region not in contact with the semiconductor chip, after the 
second step. 

(15) In this method of manufacturing a semiconductor 
device, the substrate may be cut in a region outside the edge 

25 of the interconnect pattern. 

(16) In this method of manufacturing a semiconductor 
device, the whole of the adhesive may be cured before the 
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substrate is cut together with the cured adhesive. 

(17) In this method of manufacturing a semiconductor 
device , the adhesive may be caused to surround at least a part 
of a lateral surface of the semiconductor chip in the second 

5 step. 

By means of this , since the adhesive covers at least a 
part of the lateral surface of the semiconductor chip, the 
semiconductor chip can be protected from mechanical damage, and 
also water is rendered unable to reach the electrodes, and 
10 corrosion can be prevented. 

(18) In this method of manufacturing a semiconductor 
device, the adhesive may be provided in the first step at a 
thickness greater than the interval between the semiconductor 
chip and the substrate after the second step, and may be spread 

15 out beyond the semiconductor chip by applying pressure between 
the semiconductor chip and the substrate in the second step. 

(19) In this method of manufacturing a semiconductor 
device, the adhesive may include a shading material. 

By means of this, since the adhesive includes a shading 
20 material, light can be prevented from reaching the surface of 
the semiconductor chip having the electrodes. Therefore, 
malfunction of the semiconductor chip can be prevented. 

(20) In this method of manufacturing a semiconductor 
device, the substrate may be provided previously covered by the 

25 protective layer except a region of mounting of the 
semiconductor chip and the periphery of the mounting region. 

(21) A semiconductor device according to the present 
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invention comprises: a semiconductor chip having electrodes; 
a substrate on which an interconnect pattern is formed; a 
protective layer provided on the substrate excluding a region 
of the interconnect pattern of electrical connection with the 
5 electrodes of the semiconductor chip; and an adhesive; 

wherein the adhesive is provided on the substrate from 
a region of mounting of the semiconductor chip to the protective 
layer; and 

wherein the electrodes of the semiconductor chip are 
10 electrically connected with the interconnect pattern. 

According to this aspect of the present invention, since 
the adhesive is provided to extend over the protective layer, 
no gap is formed between the adhesive and the protective layer, 
the interconnect pattern is not exposed, and migration can be 
15 prevented. 

(22) In this semiconductor device, conductive particles 
may be dispersed in the adhesive to form an anisotropic 
conductive material. 

By means of this, since the interconnect pattern and 
20 electrodes are electrically connected by the anisotropic 
conductive material, the reliability and productivity are 
excellent. 

(23) In this semiconductor device, the anisotropic 
conductive material may be provided to cover the whole of the 

25 interconnect pattern. 

(24 ) In this semiconductor device, the adhesive may cover 
at least a part of a lateral surface of the semiconductor chip. 
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By means of this, since the adhesive covers at least a 
part of the lateral surface of the semiconductor chip, the 
semiconductor chip is protected from mechanical damage. 
Moreover, since the semiconductor chip is covered by the 
5 adhesive up to a position distant from the electrodes, water 
is impeded from reaching the electrodes, and corrosion of the 
electrodes can be prevented. 

(25) In this semiconductor device, the adhesive may 
include a shading material. 

10 By means of this, since the adhesive includes a shading 

material, light can be prevented from reaching the surface of 
the semiconductor chip having the electrodes. Therefore, 
malfunction of the semiconductor chip can be prevented. 

(26) In this semiconductor device, the protective layer 
15 may be provided to cover the substrate except a region of 

mounting of the semiconductor chip and the periphery of the 
mounting region. 

(27) A semiconductor device according to the present 
invention is manufactured by the above-described method. 

20 ( 28 ) On a circuit board according to the present invention, 

the above-described semiconductor device is mounted. 

(29) An electronic instrument according to the present 
invention has the above-described circuit board. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to ID show a method of manufacturing a 
semiconductor device in accordance with a first reference 
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technique relating to the present invention; 

Figs • 2A and 2B show a modification of the first reference 
technique; 

Figs. 3A and 3B show a method of manufacturing a 
5 semiconductor device in accordance with a second reference 
technique relating to the present invention; 

Figs. 4A and 4B show a method of manufacturing a 
semiconductor device in accordance with an embodiment of the 
present invention; 
10 Figs. 5A and 5B show a method of manufacturing a 

semiconductor device in accordance with a third reference 
technique relating to the present invention; 

Fig. 6 shows a circuit board on which is mounted a 
semiconductor device in accordance with the embodiment of the 
15 present invention; and 

Fig. 7 shows an electronic instrument having a circuit 
board on which is mounted a semiconductor device in accordance 
with the embodiment of the present invention. 

20 BEST MODE FOR CARRYING OUT THE INVENTION 

A preferred embodiment of the present invention will be 
described, with reference to the drawings. An embodiment of the 
present invention is shown in Figs. 4A and 4B. There are also 
some reference techniques which can be applied to the embodiment 

25 of the present invention. 

First Reference Technique 
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A method of manufacturing a semiconductor device in 
accordance with the first reference technique is shown in Figs. 
1A to ID. In this reference technique, a substrate 12 is used 
which has an interconnect pattern 10 formed on at least one 
5 surface 18 , as shown in Fig. 1A. 

The substrate 12 may be a flexible substrate formed of 
an organic material, a metal substrate formed of an inorganic 
material, or a combination of these. As a flexible substrate 
may be used a tape carrier. If the electric conductivity of the 

10 substrate 12 is high, an insulating film is formed between the 
substrate 12 and the interconnect pattern 10 and on inner 
surfaces of through holes 14. In addition, the insulating film 
may also be formed on a surface of the substrate opposite to 
the surface on which the interconnect pattern 10 is formed. 

15 The through holes 14 are formed in the substrate 12, and 

the interconnect pattern 10 is formed on the substrate, covering 
the through holes 14. Lands 17 for external electrodes are 
formed over the through holes 14, as part of the interconnect 
pattern 10. 

20 An anisotropic conductive material 16, as one example of 

an adhesive, is provided on a thus obtained substrate 12. In 
the description that follows, an anisotropic conductive 
material is given as an example of an adhesive. The anisotropic 
conductive material 16 comprises an adhesive (binder) in which 

25 are dispersed conductive particles (conductive filler), and in 
some cases a dispersant is added. The anisotropic conductive 
material 16 could be previously formed as a sheet that is affixed 
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to the substrate 12, or it could equally well be provided as 
a liquid on the substrate 12. The anisotropic conductive 
material 16 may be provided to be larger than a surface 24 of 
a semiconductor chip 20 on which electrodes 22 are provided, 
5 or may be provided in a quantity to be smaller than the surface 
24, then compressed so as to spread out beyond the surface 24. 

Alternatively, the anisotropic conductive material 16 
may be provided on the surface 24 of the semiconductor chip 20, 
in a quantity to be compressed so as to spread out beyond the 

10 surface 24. It should be noted that even if an adhesive not 
including conductive particles is used, the electrodes 22 and 
interconnect pattern 10 can be electrically connected. 

In this reference technique, a thermosetting adhesive is 
used as the anisotropic conductive material, and the 

15 anisotropic conductive material 16 may further include a 
shading material. As a shading material can be used, for example, 
a black dye or black pigment dispersed in an adhesive resin. 

As the adhesive may be used a thermosetting adhesive as 
typified by an epoxy type, or a photocurable adhesive as 

20 typified by an epoxy or acrylate type. Further, the type of 
adhesive cured by electron beam, or a thermoplastic (thermal 
adhesion) type of adhesive may equally be used. In the following 
description, if an adhesive other than thermosetting is used, 
the provision of energy should be substituted in place of the 

25 application of heat or pressure. 

Next, the semiconductor chip 2 0 is mounted on the 
anisotropic conductive material 16, for example. In more detail , 
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the semiconductor chip 2 0 is mounted such that the surface 24 
of the semiconductor chip 20 on which the electrodes 22 are 
formed faces the anisotropic conductive material 16. Moreover, 
the semiconductor chip 20 is disposed so that the each electrode 
5 22 is positioned over a land (not shown in the figures) for 
connection of the electrodes to the interconnect pattern 10. 
It should be noted that the semiconductor chip 20 may have the 
electrodes 22 formed on two edges only, or may have the 
electrodes 22 formed on four edges. The electrodes 22 are 
10 commonly in the form of projections made of gold, solder or the 
like provided on aluminum pads. The electrodes 22 may be formed 
on the interconnect pattern 10 side in the form of such 
projections or projections formed by etching the interconnect 
pattern 10. 

15 By means of the above process, the anisotropic conductive 

material 16 is positioned between the surface 24 of the 
semiconductor chip 20 on which the electrodes 22 are formed and 
the surface 18 of the substrate 12 on which the interconnect 
pattern 10 is formed. A jig 30 is then used to press a surface 

20 26 of the semiconductor chip 20 which is opposite to the surface 
24 on which the electrodes 22 are formed such that the 
semiconductor chip 20 is subjected to pressure in the direction 
of the substrate 12. Alternatively, pressure may be applied 
between the semiconductor chip 20 and the substrate 12. Even 

25 if the anisotropic conductive material 16 as an adhesive is 
provided within the area of the surface 24 of the semiconductor 
chip 20, the applied pressure causes it to spread out beyond 
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the surface 24. The jig 30 has an internal heater 32, and applies 
heat to the semiconductor chip 20. It should be noted that 
considering the requirement as far as possible to apply heat 
also to the spread out portion of the anisotropic conductive 
5 material 16, the jig 30 used preferably has a greater plan area 
than the plan area of the semiconductor chip 20. In this way, 
heat can easily be applied to the periphery of the semiconductor 
chip 20. 

Thus, as shown in Fig. IB, the electrodes 22 of the 
10 semiconductor chip 20 and the interconnect pattern 10 are 
electrically connected through the conductive particles of the 
anisotropic conductive material 16. According to this reference 
technique, since the interconnect pattern 10 and electrodes 22 
are electrically connected through the anisotropic conductive 
15 material 16, a semiconductor device can be manufactured by a 
method of excellent reliability and productivity. 

Since heat is applied to the semiconductor chip 2 0 by the 
jig 30, the anisotropic conductive material 16 is cured in the 
region of contact with the semiconductor chip 20. In the region 
20 not contacting the semiconductor chip 20 or the region apart 
from the semiconductor chip 20, heat does not reach the 
anisotropic conductive material 16, so that the curing is 
incomplete. The curing of these regions is carried out in the 
following step. 

25 As shown in Fig. 1C, solder 34 is provided within and 

around the periphery of the through holes 14 in the substrate 
12. A cream solder or the like may be used to form the solder 
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34 by printing. Alternatively, pre- formed solder balls may be 
mounted in the above-described position. 

The solder 34 is then heated in a reflow step, and solder 
balls 3 6 are formed as shown in Fig. ID. The solder balls 3 6 
5 function as external electrodes. In this reflow step, not only 
the solder 34 but also the anisotropic conductive material 16 
is heated. This heat cures the regions of the anisotropic 
conductive material 16 which are not yet cured. That is to say, 
of the anisotropic conductive material 16, the region not 

10 contacting the semiconductor chip 2 0 or the region apart from 
the semiconductor chip 20 , is cured in the reflow step of forming 
the solder balls 36. 

In the thus obtained semiconductor device 1, since the 
whole of the anisotropic conductive material 16 is cured, the 

15 possibility of the anisotropic conductive material 16 around 
the semiconductor chip 20 coming apart from the substrate 12 
and allowing the ingress of water, leading to migration of the 
interconnect pattern 10 is prevented. Since the whole of the 
anisotropic conductive material 16 is cured, the inclusion of 

20 water within the anisotropic conductive material 16 can also 
be prevented. 

Further in the semiconductor device 1, since the 
electrodes 22 provided on the surface 24 of the semiconductor 
chip 20 are covered by the anisotropic conductive material 16 
25 which includes a shading material, light can be prevented from 
reaching this surface 24. Therefore, malfunction of the 
semiconductor chip 20 can be prevented. 
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Figs. 2A and 2B show modifications of the first reference 
technique. In these modifications , the structure which is the 
same as in the first reference technique is indicated by the 
same reference numerals, and description of this structure and 
5 the effect of this structure is omitted. The same is true for 
the following. 

The step shown in Fig. 2A can be carried out after the 
step of Fig. IB and before the step of Fig. 1C. In more detail , 
of the anisotropic conductive material 16 , the region not 

10 contacting the semiconductor chip 20 and the region apart from 
the semiconductor chip 20, are heated by a heating jig 38. The 
heating jig 3 8 is preferably provided with a nonadhesive layer 
39 formed of Teflon or the like having high nonadhesive 
properties to the anisotropic conductive material 16 that is 

15 an example of an adhesive, so that uncured anisotropic 
conductive material 16 does not adhere thereto. Alternatively, 
the nonadhesive layer 39 may be provided on the anisotropic 
conductive material 16 that is an example of an adhesive. 
Further, the anisotropic conductive material 16 as an example 

20 of an adhesive may be heated by a non-contact method. By this 
means, of the anisotropic conductive material 16, the region 
not contacting the semiconductor chip 20 and the region apart 
from the semiconductor chip 20 can be cured. In place of a jig, 
a hot air blower or optical heater capable of localized heating 

25 may be used. 

Alternatively, as shown in Fig. 2B, after the step of Fig. 
IB and before the step of Fig. 1C, a reflow step may be carried 
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out to electrically connect an electronic component 4 0 distinct 
from the semiconductor chip 20 to the interconnect pattern 10. 
By means of this reflow step, of the anisotropic conductive 
material 16, the region not contacting the semiconductor chip 
5 20 and the region apart from the semiconductor chip 20 is heated 
and cured. It should be noted that as the electronic component 
40 may be cited for example a resistor, capacitor, coil, 
oscillator, filter, temperature sensor, thermistor, varistor, 
variable resistor, or a fuse. 

10 According to these modifications, all of the anisotropic 

conductive material 16 can be cured, and the possibility of the 
anisotropic conductive material 16 coming apart from the 
substrate 12 and allowing the ingress of water, leading to 
migration of the interconnect pattern 10 can be prevented. Since 

15 the whole of the anisotropic conductive material 16 is cured, 
the inclusion of water can also be prevented. 

After the above described steps, the substrate 12 may be 
cut in the region in which the anisotropic conductive material 
16 being an example of an adhesive spreads beyond the 

20 semiconductor chip 20. 

This reference technique has been described with a 
substrate with interconnects on one surface only as the 
substrate 12, but is not limited to this, and a double-sided 
interconnect substrate or multi-layer interconnect may be used. 

25 In this case, in stead of disposing solder in the through holes, 
solder balls may be formed on lands provided on the surface 
opposite to that on which the semiconductor chip is mounted. 
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In place of solder balls other conductive projections may be 
used. The connection between the semiconductor chip and the 
substrate may be carried out by wire bonding. These observations 
apply equally to the following. 
5 In this reference technique, not only a thermosetting 

adhesive, but also an anisotropic conductive material 16 being 
an example of a thermoplastic adhesive may be used. A 
thermoplastic adhesive can be hardened by cooling. 
Alternatively, an adhesive which can be hardened by radiation 
10 such as ultraviolet may be used. This applies equally to the 
following. 

Second Reference Technique 

A method of manufacturing a semiconductor device in 

15 accordance with the second reference technique is shown in Fig. 
3A and 3B. This reference technique is carried out following 
on from the first reference technique. 

More specifically, in this reference technique, 
following on from the step of Fig. ID, the anisotropic 

20 conductive material 16 and substrate 12 are held by a fixed blade 
41, and cut by a movable blade 42 to a size slightly larger than 
the semiconductor chip 20, as shown in Fig. 3A, yielding a 
semiconductor device 2 shown in Fig. 3B. The cutting means is 
not limited thereto, and any other available cutting means and 

25 holding means can be applied. Since the substrate 12 is cut 
together with the anisotropic conductive material 16, the cut 
through the two is coplanar, and the entire surface of the 
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substrate 12 is covered by the anisotropic conductive material 
16. Therefore, the interconnect pattern 10 is not exposed, and 
moisture is prevented from reaching the interconnect pattern 
10 and causing migration. 

According to this reference technique, since the 
anisotropic conductive material 16 is cut, it does not require 
to be previously cut to the same size as the semiconductor chip 
20 or slightly larger, and accurate positioning with respect 
to the semiconductor chip 20 is not required. 

It should be noted that this reference technique is an 
example of the anisotropic conductive material 16 and substrate 
12 being cut after the solder balls 36 are formed, but the timing 
of the cut is independent of the formation of the solder balls 
36, as long as it is at least after the semiconductor chip 20 
has been mounted on the anisotropic conductive material 16. 
However, the anisotropic conductive material 16 is preferably 
cured at least in the region of contact with the semiconductor 
chip 20. In this case, mispositioning of the semiconductor chip 
20 and interconnect pattern 10 can be prevented. If the 
anisotropic conductive material 16 is cured rather than uncured 
in the location of the cut, the cutting operation will be easier. 

It should be noted that when the substrate 12 is cut, the 
whole of the anisotropic conductive material 16 being an example 
of an adhesive may be cured in a single operation. For example, 
when the electrodes 22 of the semiconductor chip 20 and the 
interconnect pattern 10 are electrically connected, heat may 
be applied or cooling applied to the whole of the anisotropic 
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conductive material 16 being an example of an adhesive. When 
a thermosetting adhesive is used, a jig may be used which 
contacts both of the semiconductor chip 20 and the adhesive 
spreading out beyond the semiconductor chip 20. Alternatively, 
heating may be applied by means of an oven. 

Embodiment 

A method of manufacturing a semiconductor device in 
accordance with one embodiment of the present invention is shown 
in Figs. 4A and 4B. In this reference technique, the substrate 
12 of the first reference technique is used, and on the substrate 
12 is formed a protective layer 50. The protective layer 50 is 
such as to cover the interconnect pattern 10 , preventing contact 
with water, and for example solder resist may be used. 

The protective layer 50 is formed around a region 52 that 
is larger in extent than the region in which the semiconductor 
chip 2 0 is mounted on the substrate 12 . That is to say, the region 
52 is larger than the surface 24 of the semiconductor chip 20 
having the electrodes 22, and within this region 52 the lands 
(not shown in the drawings) for connection to the electrodes 
22 of the semiconductor chip 20 are formed on the interconnect 
pattern 10 • Alternatively, the protective layer 50 may be formed 
to avoid at least portions for electrical connection to the 
electrodes 20 of the semiconductor chip 20. 

On such a substrate 12 an anisotropic conductive material 
54 (adhesive) of a material which can be selected as the 
anisotropic conductive material 16 of the first reference 
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technique is provided. It should be noted that the anisotropic 
conductive material 54 does not necessarily contain a shading 
material , but if it does contain a shading material then the 
same effect as in the first reference technique is obtained. 
5 in this embodiment , the anisotropic conductive material 

54 is provided from the region of mounting of the semiconductor 
chip 2 0 to the protective layer 50. That is to say, the 
anisotropic conductive material 54 covers the interconnect 
pattern 10 and substrate 12 in the region 52 in which the 

10 protective layer 50 is not formed, and is also formed to overlap 
the edge of the protective layer 50 surrounding the region 52. 
Alternatively, the anisotropic conductive material 54 being an 
example of an adhesive may be provided on the semiconductor chip 
20 side. In more detail, the description in the first reference 

15 technique applies. 

The semiconductor chip 2 0 is then pressed toward the 
substrate 12 and heat is applied by the jig 30, as shown in Fig. 
4A. Alternatively, pressure is applied at least between the 
semiconductor chip 20 and the substrate 12. In this way, the 

20 electrodes 22 of the semiconductor chip 20 and the interconnect 
pattern 10 are electrically connected, as shown in Fig. 4B. 
Thereafter, in the same way as in the steps shown in Figs. 1C 
and ID, solder balls are formed, and the semiconductor device 
is obtained. 

25 According to this embodiment, the anisotropic conductive 

material 54 is not only formed in the region 52 in which the 
protective layer 50 is not formed, but also formed to overlap 
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the edge of the protective layer 50 surrounding the region 52. 
Consequently , there is no gap between the anisotropic 
conductive material 54 and the protective layer 50, and the 
interconnect pattern 10 is not exposed, so that migration can 
5 be prevented. 

It should be noted that in this embodiment, it is 
preferable that the anisotropic conductive material 54 is cured 
also in the region spreading beyond the semiconductor chip 20. 
This curing step can be carried out in the same way as in the 
10 first reference technique. 

Third Reference Technique 

A method of manufacturing a semiconductor device in 
accordance with the third reference technique is shown in Figs. 

15 5A and 5B. In this reference technique, the substrate 12 of the 
first reference technique is used, and an anisotropic 
conductive material 56 (adhesive) is provided on the substrate 
12. The difference between this reference technique and the 
first reference technique is in the thickness of the anisotropic 

20 conductive material 56. That is to say, as shown in Fig. 5A, 
in this reference technique the thickness of the anisotropic 
conductive material 56 is greater than the thickness of the 
anisotropic conductive material 16 shown in Fig. 1A. More 
specifically, the anisotropic conductive material 56 is thicker 

25 than the interval between the surface 24 of the semiconductor 
chip 2 0 having the electrodes 22 and the interconnect pattern 
10 formed on the substrate 12. The anisotropic conductive 
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material 56 is at least slightly larger than the semiconductor 
chip 20. It should be noted that it is sufficient for either 
of these thickness and size conditions to be satisfied. 

As shown in Fig. 5A, the semiconductor chip 20 is then 
5 pressed toward the substrate 12 and heat is applied by the jig 
30 , for example. By doing this, the anisotropic conductive 
material 56 surrounds a part or all of a lateral surface 2 8 of 
the semiconductor chip 20, as shown in Fig. 5B. Thereafter, 
solder balls are formed in the same way as in the steps shown 
10 in Figs. 1C and ID, and the semiconductor device is obtained. 

According to this reference technique, since at least 
part of the lateral surface 28 of the semiconductor chip 20 are 
covered by the anisotropic conductive material 56, the 
semiconductor chip 2 0 is protected from mechanical damage. 
15 Moreover, since the anisotropic conductive material 5 6 covers 
as far as a position removed from the electrodes 22, corrosion 
of the electrodes 22 and so on can be prevented. 

Although the above embodiment has been described 
principally in terms of a chip size/scale package (CSV) of 
20 face-down bonding (FDB), the present invention can be applied 
to any semiconductor device to which FDB is applied, such as 
a semiconductor device to which Chip on Film (COF) or Chip on 
Board (COB) is applied, or the like. 

A circuit board 1000 on which is mounted a semiconductor 
25 device 1100 fabricated by the method of the above described 
embodiment is shown in Fig. 6. An organic substrate such as a 
glass epoxy substrate or the like is generally used for the 
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circuit board 1000. On the circuit board 1000, an interconnect 
pattern of for example copper is formed to provide a desired 
circuit. Then electrical connection is achieved by mechanical 
connection of the interconnect pattern and external electrodes 
5 of the semiconductor device 1100. 

It should be noted that the semiconductor device 1100 has 
a mounting area which can be made as small as the area for 
mounting a bare chip, and therefore when this circuit board 1000 
is used in an electronic instrument, the electronic instrument 

10 itself can be made more compact. Moreover, a larger mounting 
space can be obtained within the same area, and therefore higher 
functionality is possible. 

Then as an example of an electronic instrument equipped 
with this circuit board 1000, a notebook personal computer 1200 

15 is shown in Fig. 7. 

It should be noted that, whether active components or 
passive components, the present invention can be applied to 
various surface-mounted electronic components . As electronic 
components, for example, may be cited resistors, capacitors, 

20 coils, oscillators, filters, temperature sensors , thermistors, 
varistors, variable resistors, and fuses. 
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CLAIMS 



1 . A method of manufacturing a semiconductor device in which 
a semiconductor chip on which electrodes are formed, and a 

5 substrate on which an interconnect pattern is formed and which 
is covered by a protective layer except a region in said 
interconnect pattern of electrical connection with said 
electrodes, are connected by an adhesive, said method 
comprising: 

10 a first step of providing said adhesive on said substrate 

from a region of mounting of said semiconductor chip to said 
protective layer, between said interconnect pattern and said 
electrodes; and 

a second step of adhering said substrate to said 

15 semiconductor chip by means of said adhesive to electrically 
connect said interconnect pattern with said electrodes . 

2. The method of manufacturing a semiconductor device as 
defined in claim 1, 

20 wherein said interconnect pattern and said electrodes are 

electrically connected by conductive particles dispersed in 
said adhesive. 

3 . The method of manufacturing a semiconductor device as 
25 defined in claim 1, 

wherein before said first step, said adhesive is 
previously disposed on the surface of said semiconductor chip 
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on which said electrodes are formed. 

4. The method of manufacturing a semiconductor device as 
defined in claim 1, 

5 wherein before said first step, said adhesive is 

previously disposed on the surface of said substrate on which 
said interconnect pattern is formed. 

5. The method of manufacturing a semiconductor device as 
10 defined in claim 1, wherein said adhesive is a thermosetting 

adhesive. 

6. The method of manufacturing a semiconductor device as 
defined in claim 5, 

15 wherein said adhesive is spread out beyond said 

semiconductor chip in said first step; and 

wherein heat is applied between said semiconductor chip 

and said substrate to cure said adhesive between said 

semiconductor chip and said substrate in said second step; 
20 said manufacturing method further comprising a third step 

of applying heat to a part of said adhesive not completely cured 

in said second step. 

7. The method of manufacturing a semiconductor device as 
25 defined in claim 6, wherein said adhesive is heated by means 

of a heating jig in said third step. 



24 



8. The method of manufacturing a semiconductor device as 
defined in claim 7 , 

wherein a nonadhesive layer having improved nonadhesive 
properties with respect to said adhesive is interposed between 
5 said heating jig and said adhesive, before heating said 
adhesive. 

9 . The method of manufacturing a semiconductor device as 
defined in claim 8, wherein said nonadhesive layer is provided 

10 on said heating jig. 

10. The method of manufacturing a semiconductor device as 
defined in claim 8, wherein said nonadhesive layer is provided 
on said adhesive. 

15 

11. The method of manufacturing a semiconductor device as 
defined in claim 6, wherein said adhesive is heated by a 
non-contact method in said third step. 

20 12. The method of manufacturing a semiconductor device as 
defined in claim 6, 

further comprising a ref low step of forming solder balls 
on said substrate to be connected to said interconnect pattern, 

wherein said third step is carried out in said reflow 

25 step. 

13. The method of manufacturing a semiconductor device as 
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defined in claim 6, 

further comprising a reflow step of electrically 
connecting an electronic component other than said 
semiconductor chip to said interconnect pattern, 
5 wherein said third step is carried out in said reflow 

step. 

14. The method of manufacturing a semiconductor device as 
defined in claim 1, 

10 wherein said substrate is cut together with said adhesive 

in a region not in contact with said semiconductor chip, after 
said second step. 

15. The method of manufacturing a semiconductor device as 
15 defined in claim 14, 

wherein said substrate is cut in a region outside the edge 
of said interconnect pattern. 

16. The method of manufacturing a semiconductor device as 
20 defined in claim 14, 

wherein the whole of said adhesive is cured before said 
substrate is cut together with said cured adhesive. 

17. The method of manufacturing a semiconductor device as 
25 defined in claim 1, 

wherein said adhesive is caused to surround at least a 
part of a lateral surface of said semiconductor chip in said 
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second step. 



18. The method of manufacturing a semiconductor device as 
defined in claim 17, 
5 wherein said adhesive is provided in said first step at 

a thickness greater than the interval between said 
semiconductor chip and said substrate after said second step, 
and is spread out beyond said semiconductor chip by applying 
pressure between said semiconductor chip and said substrate in 
10 said second step. 



19. The method of manufacturing a semiconductor device as 
defined in claim 1, 

wherein said adhesive includes a shading material. 

15 

20. The method of manufacturing a semiconductor device as 
defined in claim 1 , 

wherein said substrate is provided previously covered by 
said protective layer except a region of mounting of said 
20 semiconductor chip and the periphery of said mounting region. 

21. A semiconductor device comprising: 

a semiconductor chip having electrodes; a substrate on 
which an interconnect pattern is formed; a protective layer 
25 provided on said substrate excluding a region of said 
interconnect pattern of electrical connection with said 
electrodes of said semiconductor chip; and an adhesive; 
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wherein said adhesive is provided on said substrate from 
a region of mounting of said semiconductor chip to said 
protective layer; and 

wherein said electrodes of said semiconductor chip are 
5 electrically connected with said interconnect pattern. 

22. The semiconductor device as defined in claim 21, 
wherein conductive particles are dispersed in said 

adhesive to form an anisotropic conductive material. 

10 

23. The semiconductor device as defined in claim 22, 
wherein said anisotropic conductive material is provided 

to cover the whole of said interconnect pattern. 

15 24. The semiconductor device as defined in claim 21, 

wherein said adhesive covers at least a part of a lateral 
surface of said semiconductor chip. 

25. The semiconductor device as defined in claim 21, 
20 wherein said adhesive includes a shading material. 

26. The semiconductor device as defined in claim 21, 
wherein said protective layer is provided to cover said 

substrate except a region of mounting of said semiconductor chip 
25 and the periphery of said mounting region. 

27. A semiconductor device manufactured by the method as 
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defined in any of claims 1 to 20. 

28* A circuit board on which is mounted the semiconductor 
device as defined in any of claims 21 to 26. 

29. An electronic instrument having the circuit board as 
defined in claim 28. 
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ABSTRACT 



A method of manufacturing a semiconductor device in which 
is provided a substrate 12 on which an interconnect pattern 10 
5 is formed and which is covered by a protective layer 50 except 
a region of electrical connection with electrodes 22 of a 
semiconductor chip 20 , the method comprising: a first step of 
providing an anisotropic conductive material 16 on the 
substrate 12 from a region of mounting of the semiconductor chip 
10 2 0 to the protective layer 50, between the interconnect pattern 
10 and the electrodes 22; and a second step of adhering the 
substrate 12 to the semiconductor chip 20 by means of the 
anisotropic conductive material 16 to electrically connect the 
interconnect pattern 10 with the electrodes 22. 

15 
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